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INTRODUCTION

The work reviewed here deals with combustion studies on coal
macerals, the individual plant derived substances that make up
coal, and lithotypes which are associations of macerals. Studies
on these components are important for two reasons. One is that
broad industrial experience in pulverized fuel combustion has shown
that independently of both coal rank and ash type and content,
maceral composition has a significant effect on combustion. A
Gondwana coal with an high inertinite content will burn differently
from a similar rank Illinois Basin coal dominated by vitrinite.
The particle size in pulverized fuel combustion is 70% < 75
micrometers. This is a size range where the particles are becoming
very heterogeneous and can cover the broad range of maceral and
lithotype properties. This may be a factor in carbon burn-out
which is especially important in low "“NOx" burners. The other
reason is that the bulk of the work done on coal combustion has
dealt with whole coals only and is, thus, not very informative on
maceral effects.

The major difficulty in carrying out maceral and lithotype
combustion work is obtaining well characterized samples.
Lithotypes must be obtained in the field and usually require some
further processing or cleaning up. The collection of large
quantities (greater than a kilogram) is sometimes very difficult.
While some vitrinite and fusinite maceral-enriched fractions can be
hand-picked, the most reliable way of obtaining good concentrates
of maceral groups and single macerals is by Density Gradient
Centrifugation (DGC) [1-6]. For example, a typical density profile
for a vitrinite-rich Herrin No. 6 coal from the Illinois Basin has
a main peak in the center of the profile that represents the
vitrinite group macerals while the lower and higher density tails
respectively represent the liptinite and inertinite maceral groups.
To get concentrates of these maceral groups, the sample is further
centrifuged at two petrographically determined cut points at the
maceral group boundaries. To get concentrates of single macerals,
the separated maceral group samples are further subdivided in a
similar manner. An easier way to get the single maceral
concentrates is to separate lithotypes collected in the field. A
typical example of the density profile of a fusain lithotype has
two main peaks that are natural concentrations of semifusinite
(lower density) and fusinite (higher density). Fractions taken
from the center portion of each peak prove to be very homogeneous
semifusinite and fusinite.

In using DGC techniques to obtain samples for combustion studies,
three factors which need to be considered are the possible effects
of the CsCl separation medium, the particle size vs. maceral
liberation problem, and the representativeness of the single
maceral concentrates. Although the trace amounts of the alkali
metal salt (CsCl) that remain on the samples after washing might be
expected to act as a catalyst during combustion, no significant
effects have been found in combustion experiments ([7]. 1In
experiments dealing with pulverized boiler fuel, the particle size
is still too coarse to liberate most of the liptinite and some
inertinite macerals, and the product will, therefore, contain a
large number of mixed phase particles. In the case of the
inertinite macerals, this problem can be greatly reduced by using
fusain lithotype samples as the feed. In regard to the question of
how well the maceral samples represent a pulverized fuel that may
have a significant proportion of mixed phase particles, it was
found in a series of coal combustion profile experiments [7] that
the individual maceral group profiles could be proportionally
combined to match the combustion profile of the whole coal sample.
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COALL COMBUSTION PROFILE EXPERIMENTS

Maceral group concentrates from a rank series of Oklahoma coals
were used in a set of experiments in which the samples were
combusted in air in a TGA at a heating rate of 15°C per minute [7].
Compared to the whole coals, the maceral concentrates showed
similar rank trends e.q., the temperatures of combustion onset,
maximum combustion rate, 50% burn-off, and char burn-out all
increased with rank, but were more reproducible, more linear, and
less variable. Of the maceral groups the vitrinite began
combustion at a slightly higher temperature than the other
macerals, but it burned significantly faster and more intensely.
semifusinite temperatures, excluding combustion onset, were
generally higher and the maximum rate of weight loss was lower than
that of the coexisting vitrinite. The few sporinite samples that
were studied were initially more reactive than the other macerals,
but they became less so at higher temperatures. They had the
highest char burn-out temperatures and the lowest maximum rate of
weight loss. It should also be noted that the variation in
combustion properties due to maceral effects are of the same order
of magnitude as the rank effect. This observation confirms earlier
work [8].

COAL AND CHAR EXPERIMENTS

In another recent set of experiments the combustion properties of
a channel sample of the Herrin No. 6 coal, its selected lithotypes,
single maceral concentrates, and associated chars were studied [9-
10]. The chars were made in an Entrained Flow Reactor at 1000°C in
a nitrogen atmosphere at heating rates comparable to pulverized
fuel conditions (10 to 10° °C second™'). The chars were then
combusted in a TGA in an atmosphere of 80% argon and 20% oxygen and
the combustion gases were analyzed in a mass spectrometer.

The results of ultimate analyses show that compared to the whole
coal channel sample the DGC vitrinite had slightly less carbon and
about half the sulfur content, while the DGC fusinite had slightly
more carbon and about two-thirds less hydrogen and nitrogen. 1In
the corresponding chars, the nitrogen increased by almost one-third
in the vitrinite and by about two-thirds in the fusinite.

The morphology of the chars were strikingly different. The
extremes were ‘the uniform open thin-walled cenospheres of the DGC
vitrinite and the totally unfused and unchanged forms of the
fusinite. The semifusinite showed a mix of thick-walled open
cenospheres, thick-walled honeycombed cenospheres, and unfused
particles. The char from the whole coal showed a proportional mix
of all these forms.

The differences in reactivity (rate of weight loss) in temperature
programmed experiments are also striking. While the DGC vitrinite
is just slightly more reactive than the whole coal which has about
85% vitrinite, the DGC fusinite was only about half as reactive.
The DGC semifusinite is intermediate between these two extremes.
Thus, there can be a wide variation in reactivity between different
coal particles from the same sample.

The gas evolution profiles of these samples also show some strong
similarities and differences. The temperature programmed TGA runs
of the chars all show a dominant CO, peak with a lower intensity CO
peak of the same shape and position (see Figure 1. a,b,c) The 50,
release is bimodal with a peak before the start of €O, evolution
related to inorganic sulfur and one just after the CO, ‘maximum
related to organic sulfur. The peak of nitrogen evolution
consistently occurs well after the main CO, peak although there is
a lower temperature shoulder suggesting two release mechanisms or
two types of nitrogen functionality. Work on model compounds of
nitrogen suggests that the pyrrolic and pyridinic functionally may
be responsible [11-12]. The results on the combustion of the coal
samples were generally similar except for a low temperature
shgul?er in all the curves representing volatile release (Figure 2.
a,b,c).

The biggest differences between the vitrinite and fusinite DGC
maceral profiles were that both the vitrinite coal and char were
more reactive than the fusinite. For example, the temperature of
50% and 100% burnout for the vitrinite coal samples were 443°C and
549°C respectively, while for the fusinite they were 558°C and
705°C. For the chars the same temperatures for the DGC vitrinite
were 489°C and 565°C respectively, while for the fusinite they were
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557°C and 720°C. However, a higher proportion of the inherent
nitrogen in the fusinite was converted to NO. For example, in the
coal combustion the ratio of NO/N for the DGC vitrinite was 0.19
while for the fusinite it was 0.29. The same figures for the char
combustion were 0.08 for the vitrinite and 0.19 for the fusinite.

This variation in conversion of fuel nitrogen to nitric oxide can
be explained by differences in reactivity leading to varying
degrees of NO reduction on the carbon. A higher percentage of the
nitrogen content in the fusinite maceral is converted to nitric
oxide. Thus, while the nitrogen contents of the macerals decrease
in the order: vitrinite > semifusinite > fusinite, the conversion
of the coal and char nitrogen to NO shows the reverse order.
Therefore, there appears to be a compensation effect whereby the
amount of NO evolved from the macerals is similar.
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FIGURE 1. Gas evolution profiles of maceral chars combusted in an

atmosphere of 80% Argon and 20% Oxygen, 1a (top)
vitrinite, 1b (middle) semifusinite, 1c (bottom)
fusinite. Note the shift in the peaks from top to
bottom indicating decreasing reactivity.
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FIGURE 2.
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Gas evolution profiles of coal macerals combusted in an
atmosphere of 80% Argon and 20% Oxygen, 1a (top)
vitrinite, 1b (middle) semifusinite, 1c  (bottom)
fusinite. Note the shift in the peaks from top to
bottom indicating decreasing reactivity, KEY: (O) co, (W)
CO,, (®) NO x100, (a) HCN x100, (0) N,** x70.
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